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Y10 Takoe cuMMeTpHUA

= CMMMeTPMSA (Op.-rPeY. CUPHETPIO «COPasMEPHOCTbY,
OT METPEW — «MEPSo»), B LLIMPOKOM CMbICNE —
COOTBETCTBME, HEN3MEHHOCTb (MHBAPUAHTHOCTL),
NPosIBNIAEMbIE MPU Kaknx-inbo N3aMeHeHUsX,
NpeobpasoBaHUgax (HanpuMep: NoaoXKeHUs, AHEPIu,
MHopmaLnm, gpyroro). Tak, Hanpumep, cdepunyeckas
CUMMETPUSA TeNa 03HA4YaET, YTo BU Tena He
N3MEHUTCS, ECNN €ro BpalllaTtb B MPOCTPaHCTBE Ha
NPOWU3BOSbHbIE YIIbl (COXPaHAA OA4HY TOYKY Ha MecTe).
[1ByCTOPOHHAS CUMMETPUSA O3HAYaET, YTO NpaBas u
rneBasi CTOpoHa OTHOCUTESIbHO KaKon-1nbo MiocKOCTu
BbIMAOAT OAWHAKOBO.




CuMmMerpusi B reOMeTpHH

= [eomeTpuyeckast CMUMMEeTPUS — 3TO Hambonee
N3BECTHbIN TUMN CUMMETPUN AN MHOTUX NIOOEN.
[eoMeTpUYECKN OOBLEKT Ha3blBAETCHA CUMMETPUYHbIM,
eCnu rnocne Toro Kak oH obin npeobpa3oBaH
reoMeTpUYEckn, OH COXPaHSAET HEKOTOPbIE NCXOAHbIE
cBonCTBa. Hanpumep, Kpyr NOBEPHYTLIN BOKPYr CBOErO
LeHTpa byaeT UMEeTb Ty XXe dopMy N pasmMep, YTo U
NCXoaHbIN KpYr. No3TomMy Kpyr Ha3blBaeTcs
CUMMETPUYHBLIM OTHOCUTESIbHO BpalleHUsa (MMeeT
OCEBYIO CUMMETPUIO). Buabl CUMMETPUN BO3MOXHbIX
0151 reoMeTpUYECKoOro obbekta, 3aBUCAT OT MHOXKECTBA
OOCTYMHbIX FEOMETPUYECKNX NMpeobpasoBaHUN U TOrO
Kakne cBOMNCTBa 0ObekTa OoMmKHbl OcTaBaTbCA
HEN3MEHHbLIMW Nocne npeobpasoBaHus.



Buabl reomeTpu4ecKou
CUMMETPHUH

= 3epkanbHag CUMMETPUS

= OceBag cMMMeETpUS

= BpaulatenbHag cMuMMeTpus

= | leHTpanbHag CMMMETPUS

= CKonb3dulag CMMMETPUS

= ToyeyHagd cCMMMETPUS

= [locTynarensHag cuMmMeTpus
= BuHTOBagd CMMMETPUS

= HensomerpmyiHag cuMMeTpug
= OpakTanbHblE CUMMETPUK




3epkajbHass CHMMeETPHUA

3epKanbHasg CMMMETPUA UK OoTpaxXeHne — ABUXEHUE

eBKIIna0Ba NPOCTPAHCTBA, MHOXECTBO HEMOABMXHbIX TOYEK
KOTOPOro ABNAETCH [MNePnIIoCKOCThLIO (B cnyyvae
TPEXMEPHOro NPOCTPAaHCTBa — MPOCTO MIIOCKOCTHLI). TepMUH
3epKarsibHasi cCuMMempusi ynoTpebnsaeTca Takke ons
ONMMcaHNsa COOTBETCTBYHLLIEIO TMMNa CUMMETPUM 0bbeKTa, TO
€CTb, Korga o0beKkT npu gnepauum ompaxxeHusi NepexoguT B
cebd. OTo MaTtemMaTn4eckoe NoHATUE onucbiBaeT
COOTHOLLEHNE B ONTUKE OOBHLEKTOB U UX (MHUMBbIX)
N300paxKeHn Npu OTPaKEHUM B NSIOCKOM 3epKarne, a Takke
MHOrMe 3akoHbl CUMMETPUK (B Kpuctannorpadumm, Xmmmu,
doumsnke, Guonormm n T. 4., a Takke B UCKYCCTBE U PaBHOGeapeHH
NCKYCCTBOBELEHUN) y
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TPeyronbHUK C
3epkaribHOn
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ABNSAETCA OCbiO
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OceBast cuMMeTpus

= B pasmepHoCTU 2 (TO €CTb Ha NSI0CKOCTU) FMMNepnsiocKOCTb
npeacraBnsaeT cobon npamyro, roBopaT 06 ocesou cummempuu
Unn cuMmMmempuu omHocumersibHo rnpsmMmou. Ans purypeil,
nepexoasiLien B cebsi npu oCeEBOV CUMMETPUN, NpsaMas,
obpasoBaHHasaA HENOABWXHbIMWU TOMKaMWN ABUKEHUSA, HA3bIBAETCS
OCbI0 cuMMempuu 3Ton courypsl. [Npumepom ocu CUMMETPUN
oTpesKa sIBMSeTCs ero cepeanHHbiv nepneHamkynsap. Jrodoe
OBWKEHME MNITOCKOCTU MOXHO NPeACTaBUTb B BUAE KOMMO3NLINK HE
bonee 4yem TPEX OCEBbLIX CUMMETPUN.

Uccnepopanue «OCesan CHMMETPHA»




BpamarejabHass CHMMETPHUSA

BpallartenbHag CUMMETPUA — TEPMUH, O3HaYaloLLMN CUMMETPUIO

obbekTa OTHOCUTENbHO BCEX NN HEKOTOPbIX COOCTBEHHbIX
BpaLLEHUN M-MEPHOro eBKINA0BA MPOCTPAHCTRA.
CobcmeeHHbIMU 8palleHUsIMU Ha3blBalOTCA pa3HOBUAHOCTU
N30OMETPUN, COXPaHSOLWME opmeHTaumto. Takum obpasom, rpynna
CUMMETPUK, OTBEYAIOLLAsa BpaLlleHMAM, eCTb Noarpynmna rpynnbl
E+(m) (cm. EBKNKgoBa rpynna).

TpaHcngaumoHHaga cMMMETPUA MOXET paccMaTpmBaTbCA Kak
YaCTHbIV criyvaii BpallaTesrisHoN — BpaLleHe BOKpyr
OeCcKOHEeYHOo- ynaneHHom TOYKW. [1pn Takom o6o6meHmm rpynna
BpaLllaTenbHON CUMMETPUM coBrnagaeT ¢ nosiHon E+(m). Takoro
poda CUMMETPUA HENPUMEHMMA K KOHEYHbIM OObEeKTaMm,
NOCKOJSbKY AenaeT BCE NPOCTPaHCTBO O4HOPOAHbLIM, OOAHAKO OHa
ncnonb3yeTtcs B OpMynmpoBke PrU3nNYeCKMX 3aKOHOMEPHOCTEN.




COBOKYMHOCTb CODCTBEHHbIX BpaLLEHN BOKPYr (oUKCMPOBaHHON
TOYKM NPOCTPaHCTBa 06pasyoT cneunanbHY OPTOroHaNnbHYHo
rpynny SO(m) — rpynny OpToroHasnbHbIX MaTpuLL mxm c
onpegenurterniemM, paBsHbiM 1. [1ng yacTHoro cnyyaa m = 3 rpynna

HOCWUT creunanbHoe Ha3BaHMe — rpyrnna BpaLleHUM.

B dpn3nke MHBaprMaHTHOCTb OTHOCUTENBLHO rPynnbl BpalleHnm
Ha3blBaeTCA U30MPOINHOCMbLK MpocmpaHcmea (BCe HanpaBeHus
B NPOCTPAHCTBE paBHOMpPaBHbI) U BblpaXXaeTcsd B MIHBAPUaAHTHOCTH
domnanyeckmx 3aKOHOB, B HaCTHOCTU, ypaBHEHNW OBUXEHUS,
OTHOCUTESNbHO BpalleHnn. Teopema HeTep cBA3bIBAET aTY
NHBAPUAHTHOCTb C HafIM4MEM COXPaHAKLLENCS BENNYNHbI
(MHTerpana OABMXeHns) — YIrnoBoro MoMeHTa.

BpamareasHas
CUMMETPUA



LleHTpadbHast CHMMeETPHA

LleHTpanbHon cumMeTpuen (MHoraa LeHTpanbHoN MHBepcuen)

OTHOCUTENBbHO TOYKM A Ha3bIBalOT Npeobpa3oBaHNE NPOCTPAHCTRA,
nepesogsulee Todky X B Takyt Touky X', 4To A — cepeamHa oTpeska XX
LleHTpanbHasa cuMMeTpusi ¢ LEHTPOM B TOYKe A 0ObIMHO 0B03Ha4aeTcs
yepes , B TO BpeMS Kak 0003Ha4YeHME MOXHO nepenyTtaTb C OCEBOU
cummeTpuen. durypa HasblBaeTCsd CUMMETPUYHON OTHOCUTESTbHO TOYKK A,
eCcnun ans Kaxaowu TOYKU ourypbl CUMMETPUYHAsSA en ToYKa OTHOCUTESTBHO
TOYKM A TakxKe npuHagnexmnT aton ourype. Touka A HasbIBaeTCHa LIEHTPOM
CUMMETPUN ourypbl. [OBOPAT Takke, YTo dourypa obrnagaet ueHTpanbHom
cumMmmMeTpuen. [ipyrme HasBaHus 3TOro npeobpasoBaHNa — cuMMempusi ¢
ueHmpom A. LleHTpanbHas cuMMeTpus B NiaHUMETPUN ABAAETCA
YaCTHbIM CIly4aeM NoBopoTa, TOYHee, ABnAeTCcs NnoBopoToM Ha 180




CkoJb3s1ass CMMMeETPUs

= Ckonb3gdilas CUMMETPUA — N3OMETPUA EBKINNOO0BON
naockoctu. CKonb3siwen CUMMETPUEN HA3bIBAIOT
KOMMO3NLINK CUMMETPUN OTHOCUTENBHO HEKOTOPOMU
NpssIMOM U repeHoca Ha BEKTOP, NapannenbHblin  (3TOT
BEKTOP MOXET ObITb U HYNieBbIM). CKOSb3ALLYIO
CUMMETPUIO MOXXHO NpeacTaBUTb B BUAE KOMMO3MLUK 3
OCeBbIX cnMMeTpun (Teopema Lang).

—_—
Ckonb3swas
cUMMeTpuA



CuMmerpus (pu3NKe

= B Teopetndeckon dousmke, noBeaeHmne
donsnyeckon cuctembl ONUCLIBAETCA
HEKOTOPbIMU YpaBHEHUAMUN. Ecnu aTu
ypaBHeHUd obnagaroT KakKnmMm-nmbo
CUMMETPUAMMN, TO YaCTO yaaeTcs
YNPOCTUTb UX peLLUeHnE NyTeEM
HaxoXOeHNA COXPaHALWNXCA BEJNIUYNH
(MHTerpanoB ABUNXEHUS ).



= Tak, yXe B K[1acCM4Yeckon MexaHUKe
doopmynupyetca Teopema HeTep, KOTopad
KaXaomMy TUny HenpepbIBHOU CUMMETPUN
COMOCTaBNAEeT COXpaHAoLLYCA BeNUYMHY. U3
Hee, Hanpumep, cneayet, YTO MHBApPUaHTHOCTb
YPaBHEHUWN OBUWXEHUA Terna Cc TedeHnem
BPpEMEHN NPUBOAUT K 3aKOHY COXpaHeEHUd
9HEPrnm; MUHBaAPUaHTHOCTb OTHOCUTESNBHO
COBUIOB B NPOCTPAHCTBE — K 3aKOHY
COXPaHeHUa uMnynbca; UHBapMaHTHOCTb
OTHOCUTENbLHO BpaLLEeHNN — K 3aKOHY

coxXpaHeHnd MOMEHTa UMMYI1bCAa.




CumMmmeTpusa B cdbmsunke

Mpeobpa3zoBaHue

J TpaHcndaumm BpemMenu
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<> TpaHCcnaumMm NpocTpaHCcTBa
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S [pynna JlopeHua
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npeobpasoBaHne
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Cynepcummerpusi

CynepcummeTpus nnum cummetpmusa ®epmu — Bose —

[MNoTeTUYECKas CUMMETPUS, CBA3bIBatoLLIad 6030HbI 1 DEPMUOHbI

B npupoae. AbCcTpakTHoe npeobpasoBaHne CynepcCMMMeTpum
cBsi3blBaeT 6030HHOE U (PEPMUMOHHOE KBAHTOBbLIE MOSIHA, TaK YTO
OHM MOTYT npeBpaLlaTbcsa apyr B gpyra. ObpasHoO MOXHO cKasarTb,
4TO NpeobpasoBaHne CynepcMmMMETPUM MOXET NEPEBOANUTD
BELLECTBO BO B3aMMOOENCTBUE (UNN B U3NTYYEHUE), U HAOOOPOT.

[lo cocTosiHuio Ha Havano 2009 roga cynepcMMMETpUS SBSIETCS
dom3nyeckon rurnoTes3on, He NOATBEPXKOAEHHOW 3KCMNEPMMEHTASTBHO.
CoBepLUEHHO TOYHO YCTAHOBSIEHO, YTO HaLUl MUP He SABNSIETCS
CynepCcUMMETPUYHBIM B CMbICI1I€ TOYHOM CUMMETPUN, TaK KakK B
nobon cynepcuMmMeTpuyHon mogen epMmnoHsl 1 0030HHI,
CBSi3aHHblE CynepCMMMETPUYHBIM NpeobpasoBaHreM, ,EI,OJ'I)KHbI
obnagartb 0ANMHAKOBLIMW Maccoun, 3apsaaoM 1 Apyrumm
KBAHTOBLIMUW YncriaMn (3a UCKIKOYEHUEM CMNNHA).




= JlaHHOe TpeboBaHMe He BbINOMHSAETCS AN N3BECTHbIX
B npupoae 4vactuy. lNpegnonaraetcqa, TeM HE MeEHee,
YTO CYLLECTBYET 3HEPreTUYECKUN NNMUT, 33
npenenamMmmy KOToporo nons Nog4YnHSTCS
CynepcCMMMETPUYHBIM Npeobpas3oBaHnAM, a B paMKax
nMMuTa — HeT. B TakoM cry4vyae YyacTtuubl-
cynepnapTHEpPbl OObIYHbIX YaCTUL| OKa3bIBalOTCA OYEHb
TSHKENbIMW MO CPABHEHUIO C 0ObIYHBIMM YacTuLaMu.
[Tonck cynepnapTHEPOB OObIYHLIX YaCTULL — OofdHa U3
OCHOBHbIX 3aJa4y coBpeMEHHOU PU3NKN BbICOKUX
9Heprun. OxungaeTtcd, YTo bonbLLIOW aapPOHHbIN
konnanaep[3] cMoXeT OTKPbITb U UccegoBaTh
CynepCUMMETPUYHBIE YaCTULbl, ECITM OHU CYLLECTBYIOT,
M1 NocTaBUTb Mo 6osbLLIoe COMHEHNE
CynepcMMMETPUYHbBIE TEOPUN, ECINU HUYETO He byaeT
oOHapyXeHo.




TpaHcassmHOHHAA CMMMETpPHUA

= TpaHcnauMoHHas CUMMETPUA — TUN CUMMETPUU, NPU KOTOPOW
CBOWCTBA paccMaTpMBaeMOW CUCTEMbI HE U3MEHSAIOTCA Npu
CABUre Ha onpeaenéHHbI BEKTOP, KOTOPbI Ha3blBaETCS
8eKmopoM mpaHcrsyuu. Hanpumep, ogHopoaHas cpeaa
coBMelLiaeTcs cama ¢ cobor npu casure Ha nodom BEKTOP,
NO3TOMY AN HE€ CBOWCTBEHHAa TPaHCHASALNOHHAs CUMMETPUS.

= TpaHcnsyMoHHasi CAMMETPUSA CBOMCTBEHHA TakXKe aSS
KpucTasnnoB. B aTom criyyae BEKTOPbI TPaHCNALUN He
NPON3BOJSIbHbI, XOTS UX CyLLECTBYET BeckoHe4yHoe vncro. Cpean
BCEX BEKTOPOB TPAHCALUUN KPUCTaNTMYECKON PELLUETKM MOXHO
BblOpaTh 3 [IMHEWHO HE3ABUCUMBbIX TakuM 0bpasom, 4YTo fodon
OpYro BEKTOP TpaHCNALMM Obin Obl LIENOYNCNEHHO-NTMHENHON
KOMOMHAaLMEN 3TUX TPEX BEKTOPOB. DTN TpY BEKTOPA COCTaBNSIOT
6a3uc kpucmarsniu4eckou pewémeku.




= Teopwuda rpynn nokasbiBaeT, YTO TPpaHCNALUNOHHAA CUMMETPUS B
KpucTtarnsfax cCoBMecTMMa TOJSIbKO C MOBOpPOTaMu Ha yrnbl 8=2T1/n,
rge N MOXeET NpuHMMaTb 3HavyeHua 1, 2, 3, 4, 6.

= [1pn nosopote Ha yrmbl 180, 120, 90, 60 rpagycoB NoNoXeHne
aTOMOB B KpucTanmne He meHdaeTcsl. [0BOpPAT, YTO KpucTanmbl
MMEIOT OCb BpaLLEeHUsI N-ro NopsaaKa.

= [lepeHoC B NSIOCKOM YETLIPEXMEPHOM MNPOCTPAHCTBE-BPEMEHN HE
MeHAEeT n3nYecKnx 3akoHoB. B Teopun nonga TpaHcnsaymMoHHas
CUMMETPUN, CorfiacHo Teopeme HeTep, COOTBETCTBYET
COXPaHEHMIO TEH30pAa SHEPIrMuU-uMmnysrbca. B yactHoCTU, YncTo
BPEMEHHbIE TPaHCMALNMN COOTBETCTBYIOT 3aKOHY COXPaHEHUS
QHEPrum, a YNCTO NPOCTPAHCTBEHHbIE COBUIMM — 3aKOHY
COXPaHEHMS UMNYIIbCa.




CuMmerpus B OMOJIOTHH

= CuMMmeTpusi B 6MONOrMmM — 310 3aKOHOMEPHOE PacnorioXKeHne
NoaoOHbIX (OAMHAKOBBLIX, PaBHbIX MO pa3Mepy) YacTen Tena nunu
bopM KMBOro opraHnM3mMa, COBOKYMNMHOCTU KUBbIX OPraHN3MOB
OTHOCUTEMNBHO LIEHTPa UM OCU CUMMETPUU. TUN CUMMETPUN
onpenensieT He TOrNbKO 00LLEee CTPOEHNE Tena, HO U BO3MOXXHOCTb
Pa3BUTUSA CUCTEM OPraHoB XNBOTHOro. CTpoeHne Tena MHOrmx
MHOTOKJTETOYHbIX OPraHM3MOB OTPaXkaeT onpeaenéHHble PopMbI
cuMmmeTpumn. Ecnmn Teno XXnMBOTHOrO MOXHO MbICNIEHHO pa3aenuTb
Ha [1B€ MOMOBMHBI, MPaBYO U NEBYI0, TO TaKylo hOPMY CUMMETPUU
Ha3blBaloT 6MnaTepaanou OTOT TN CUMMETPUM CBONCTBEHEH
nogaBnsoLLeMy OOMNbLUMHCTBY BUAOB, a Takke YenoBeky. Ecnu
TEno XXMBOTHOMO MOXHO MbICNIEHHO pa3faennTb He OOHON, a
HECKOJTbKMMMW NNOCKOCTSIMU CUMMETPUN Ha paBHble YacTn, TO
Takoe XXMBOTHOE Ha3bIBalOT paguarnbHO-CUMMETPUYHbIM. 3TOT
TN CUMMETPUN BCTPEYAETCH 3HAYUTENBHO PEXE.




= AcCMMMeTpMusA — OTCYTCTBME CUMMETpUK. MHoraa aToT TepMuH
MCNONb3YyeTcs AN ONUCaHUS OPraHN3MOB, NNLLEHHBIX CUMMETPUN
NepPBUYHO, B MPOTMBOMNOMOXHOCTb AUCCUMMETPUN — BTOPUYHOW
yTpaTte CUMMETPUM UMW OTAENbHbIX €€ 9NEMEHTOB.

= [TOHATMA CUMMETPUN U aCUMMETPUM anbTepHaTuUBHbI. Yem bonee
CUMMETPUYEH OpPraHn3M, TEM MEHEE OH aCUMMETPUYEH U
HaobopoT. HebosbLLOE KONMMYECTBO OPraHM3MoOB NOSTHOCTLIO
acuMMeTpuyHbIL. [1pn aToM cnegyeTt pasnuyatb N3MEHYNBOCTb
dopmbl (Hanpumep y amebbl) OT OTCYTCTBUSA CUMMETPUN. B
npupoae u, B YaCcTHOCTU, B XXMBOW NpUpoaEe CUMMETPUS HE
abcosioTHa U Bcerga CoaepXXUT HEKOTOPYHO CTENEHb aCUMMETPUN.
Hanpvuvlep, CUMMETPUYHbIE [INCTbA PACTEHUN MPU CITOKEHUM

CnoXHble y30pbl Ha KPbIibax 6abo4ku
SABNAKTCA OOAHMM N3 NPUMEPOB
OBYCTOPOHHEW CUMMETPUN




PaagnajgbHasgs cHMMeETpUA

= B buonornu o paguanbHOW CUMMETPUU FOBOPSIT, KOrda vYepes
TPEXMEPHOE CYLLLECTBO NPOXOAAT oaHa unn donee oceu
cummeTpuu. Ipu aTom pagnanbHOCUMMETPUYHBIE XXUBOTHbIE
MOrYT U HE UMETb NIIOCKOCTEU CUMMETPUN. TakK, y cudOHODOPbLI
Velella nmeeTca oCb CUMMETPUKM BTOPOro nopsagka n HeT
N0CKoCTEN cCUMMeETpUK[4]

= OBbI4YHO Yepes3 OCb CUMMETPUKN NPOXOAAT ABe unu bornee
MNJIOCKOCTU CUMMETPUN. DTU NITOCKOCTU NMepeceKkaroTcd no
NPSIMON — OCU CUMMETPUN. Ecnn XxXneotHoe byaeT BpaLlaTbCs
BOKPYr 3TOM OCU Ha OrnpeaernéxHHbln rpagyc, To OHo byaet
oTobpaxaTbca camMo Ha cebe (coBnagatb camo ¢ cobon). Takmx
ocen CUMMETPUM MOXKET BbITb HECKOSTBKO (MOSIMaKCOHHAaSs
CUMMETPUSA) UNn ogHa (MOHaAKCOHHasa cuMmmeTpust). NonnakcoHHas
CUMMETPUS pacnpocTpaHeHa cpeaun NpoTUCTOB (Hanpumep,
paanonapumn).




Kak npaBuno, y MHOrOKIETOYHbIX XXUBOTHbIX ABa KOHUa (nostoca)
€ANHCTBEHHOW OCU CUMMETPUMN HepaBHOLIEHHbI (Hanpumep, Y
Meny3 Ha OgHOM Mnorntoce (opanibHOM) HaXxo4uUTCA POT, a Ha
NPOTMBOMNOMOXHOM (aboparibHOM) — BepXYyLUKa Kosiokona. Takas
CUMMETPUA (BapuaHT paguaribHOM CUMMETPUN) B CpaBHUTENBHOM
aHaToOMUN Ha3blBaeTCs OOQHOOCHO-reTepononbHou. B aoByxmepHoU
NpoeKUnn pagnarnbHasd CUMMETPUA MOXET COXPaHATLCHA, €CIN OCb
CUMMETPUMN HanpasneHa nepneHanKynapHo K NpoeKkLMoOHHON
nockocTu. IHbIMK crioBamun, coxpaHeHue paguanbHoun
CUMMETPUM 3aBUCUT OT yrna HabsnogeHus.

PaguanbHas cuMmeTpust xapakTepHa Anst MHOTUX CTPeKatLLmnX, a
Takke onga 6onbluMHCTBA Urnokoxmx. Cpeau HUX BCTpevaeTcs Tak
Ha3blBaeMasi NeHTacumMmeTpus, 6asmpyroLasca Ha NATH
MNOCKOCTAX CUMMETPUN. Y UTMOKOXMX pagnarnbHas CUMMETPUS
BTOPUYHA: UX JIMMMHKM OBYCTOPOHHECMMMETPUYHBI, @ Y B3POCTbIX
)XMBOTHbIX HapYy)XHasi paguanbHas CUMMETPUS HapyLLAeTCs
HanM4Mem MaapenopoBOM NNACTUHKMN.




= Kpome Tunn4yHou paguanbHON CUMMETPUN CYLLLECTBYET
OBynyyeBas paamanbHasg CMMMETPUs (OBe NSI0CKOCTU
CUMMETPUU, K Npumepy, y rpebHeBmnkos). Ecnu
NSIOCKOCTb CUMMETPUN TONBKO OAHAa, TO CUMMETPUSA
bunateparsnbHasg (Takyto CAMMETPUIO UMEIOT XXUBOTHbIE
N3 rpynnel Bilateria).

= Y LIBETKOBbIX PACTEHUIN YaCTO BCTpeYaloTCH
pagmnanbHOCUMMETPUYHbIE LIBETKN: 3 MITOCKOCTU
CUMMETPUN (BoAOKpaC NnaryLiavmm), 4 ninocKoCTu
CUMMETPUU (J1anyaTka npamas), S NIOCKOCTEN
CUMMETPUU (KOTOKOSBYMK), 6 NITOCKOCTEN CUMMETPUN
(besBpemMeHHUK). LIBETKM C pagnanbHON CUMMETPUEN
Ha3blBaOTCA aKTUHOMOP(OHbLIE, LIBETKN C
bunatepanbHOU CUMMETPUEN — 3UTOMOPHbIE.




buiaarepajbHasg CHMMETPHUSI

= BunarepanbHaa cummeTpusa (OBYCTOPOHHAS CUMMETPUA) —
CUMMETPUS 3epKarbHOIro OTPaXKeHUs1, NPy KOTOPOU OOBLEKT UMEET OOHY
MNSIOCKOCTb CAMMETPUN, OTHOCUTENBLHO KOTOPOW [BE €ro NosIoBUHbI
3epKasibHO CUMMETPUYHLIL. ECnn Ha NNocKoCTb CUMMETPUN ONYCTUTb
nepneHankynsp n3 Todkn A n satem n3 Toukm O Ha NII0OCKOCTU CUMMETPUN
npoaomknTb ero Ha annHy AO, To OH nonageT B ToUky A1, BO BCEM
nogobHyto Touke A. Ocb cuMmmMmeTpun y bunateparnibHO CUMMETPUYHbIX
OOBEKTOB OTCYTCTBYET. Y XUBOTHbIX bunarepanbHasg CUMMETPUS
NPOABIIAETCA B CXOXECTU UMM NOYTM NOMHOW NOEHTUYHOCTU JTIEBOU U
npaBou NosroBuH Tena. [pu aTomMm Bcerga CyLecTBYHOT CllydYanHble
OTKINOHEHMA OT CUMMETPUM (HanpuMep, pasnuyus B NanunmsipHbIX
NMUHKUSAX, BETBIIEHMN COCYAOB M pacnofioXXeHnn poanHOK Ha npaBon u
NneBoun pykax yenoseka). Hacto cyLecTByoT HebonbLune, HO
3aKOHOMEPHbIE pa3nM4ynsa BO BHELLHEM CTPOeHMN (Hanpumep, bonee
pasBuTasl MyckynaTypa nNpaBon pyKu y NpaBoOpyKuX rnogen) n bonee
CYLLLECTBEHHbIE pas3nnymna mexay npasou 1 nNeBoun NosIoBMHON Tena B
pacnonoXeHnn BHYTPEHHUX opraHoB. Hanpumep, cepale y
MAeKoNUTarLWmx 0ObIMHO pa3MeLL,eHO HECUMMETPUYHO, CO CMELLIEHMEM
BNEBO.




= Y XXNBOTHbIX NOABIEHME DunaTepanbHON CUMMETPUN B 3BONHOLUN
CBA3aHO C nosnsaHmem rno cybcrparty (no gHy Bogoema), B CBA3U C
4YeM NosABMAITCS CMMHHAas 1 DpIOLLIHAad, a Takke nNpaBas 1 fesas
NofoBUHLI Tena. B uenom cpean XnUBOTHLIX bunaTepanbHas
CUMMETPUA Boree BblpaXKeHa y akTUBHO NOABUXHbBIX POpM, YEM Y
CNaaunX.

= bunarepanbHas CMMMETPUSA CBOMCTBEHHA BCEM OOCTATO4YHO
BbICOKOOPraHM30BaHHbIM XXUBOTHbLIM, KPOME UIOKOXUX. B apyrmnx
LapCcTBax XUBbIX OpraHM3MoB bunartepanbHass CUMMETPUS
CBOWCTBEHHA MeHbLUeMY 4ucny doopm. Cpean NpoOTUCTOB OHA
XapakTepHa ans auniaomMmoHaz (Hanpumep, nambnunmn), HEKOTOPbIX
dopm TpunaHocom, 6oaoHUA, PAKOBUHOK MHOMMX ddopamuHmndep.
Y pacTteHun 6|/|naTepaanyro CUMMETPUIO UMEET ODObIYHO HE BECH
opraHmaMm, a ero oTaesnbHble YacTu — [IUCTbS U LIBETKMN.
bunatepanbHO CUMMETPUYHbIE LBETKM BOTAHMKN Ha3bIBAKOT
3UTOMOPdHbLIMN.




= CummeTpusa B Xummnm

CuMMETPUA BaXKHaA ONA XUMUK, TaK Kak OHa 00ObACHAET HabnogeHna B
CMNEKTPOCKOMUU, KBAHTOBOW XUMUU N KpuUcTanaorpaduu.




CVIMMeTpVIFl B PEJIMTUO3HbLIX CUMBOJ1axX

CumMMeTpUa B penNUrmo3Hbix cnmaeonax: paa 1. XpuctnaHckom,
NyOENCKOM, JAOCUNCKOM;

psa 2. UICNAaMCKOM, BYAAUNCKOM, CUHTOUCTCKOM;

psa 3. CUKXCKOM, B Bepe baxaun, MHOYUCTCKOM.

[pepnonaraetcs, YTO TEHAEHUNS NMoaen BUOETb LEeNb B
CUMMETPUUN, ABNAETCHA OJHON U3 MPUYMH, MOYEMY CUMMETPUS
4acTo SABMSAETCS HEOTbEMITIEMOW YaCTbiO CMMBOSIOB MUPOBbIX
penurnin. BoT nuiib HEKOTOPbIE N3 MHOTUX MPUMEPOB,
n3obpaxk€HHbIE Ha PUCYHKE crnpaga.




CIIACUBO 3A BHUMAHHUE



